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ABSTRACT

INFLUENCE OF SILVER NANOPARTICLES ON FLUORESCENCE
ENHANCEMENT
Sai Bharanisrikanth Toleti, M.S.
Department of Electrical Engineering
Northern Illinois University, 2016
Venumadhav Korampally, Ph.D., Director

In this project, we studied the influence of silver nanoparticles (AgNP) on the
fluorescence properties over glass substrates and on nanopore oxide film substrates.
Enhanced fluorescence intensities were observed due to presence of AgNP in near field to
a fluorophore creating hot spots thereby proving the concepts of metal enhanced
fluorescence and surface plasmon resonance (SPR). A Bragg reflector pattern is created by
varying the refractive index of surface resulting in layered structure causing the light
getting trapped in between the layers which exhibited the properties of SPR and Evanescent
fields. The mean intensity values were higher for the AgNP-introduced glass samples
compared to the controls, which provided an evidence of fluorescence enhancement.
This property may be useful for designing new analytical tools that can be used for
single molecule detection in the fields of biosensing and bio-imaging.
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CHAPTER 1
INTRODUCTION

An assay is defined as a procedure for qualitative assessing or measuring the presence of
functional activity of a target entity or analyte. The entity which is measured is called analyte, the
measurand, or the target of assay; an example of entity would be drug or biochemical substance.
Biosensors are devices which are capable of detecting a chemical or biochemical species
such as enzyme, antibody or any type of cell. These have enormous applications in medical,
clinical, food quality testing and research fields. These sensors are put in contact with a sample
and the results can be obtained by different techniques. Biosensing can be based on variety of
detection schemes of which optical sensors form a major group and display many features that
make them advantageous over other systems, namely electrochemical, mass-sensitive, thermal and
acoustic (Wolfbeis, 1998).
Optical scheme biosensors are based on absorption spectroscopy from UV to deep infrared
spectrum, Raman, and conventional fluorescence spectroscopy and imaging. Nowadays more
sophisticated methods such as surface plasmon resonance, evanescent wave, near-field
spectroscopy, fiber optic spectroscopy, luminescence life time, and energy transfer techniques are
being used in biosensing to identify single biomolecule effectively (Wolfbeis, 1998).
1.1 Fluorescence
A fluorophore is a fluorescent chemical compound that can re-emit light upon excitation.
It works on a principle called fluorescence. Most of the biological matter is fluorescent in UVvisible region. If a biomolecule is not fluorescent, we can label the molecule with a fluorophore
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such as dye. Every biomolecule has a tendency to attract a dye molecule which when sensed with
the detection techniques gives the presence of the biomolecule with the help of the fluorescent dye
which is bound to the target molecule. Fluorophore can be referred to as label or probe; the label
here does not respond to any chemical species. In contrast the probes are expected not to inert but
rather respond to micro-environment or to chemical species. Since probes respond to pH, ion or
oxygen they can also be referred to as indicators (Jablonski, 1998).
Luminescence is termed as property of substance emitting light which occurs from
electronically excited states. It is divided into two categories, namely fluorescence and
phosphorescence, mainly classified based on the nature of the excited state. In excited singlet state,
the electron in the excited orbit is paired to second electron in the ground state orbital. Thus the
return of excited electron to the ground state is spin allowed and occurs rapidly by emission of a
photon. Typical emission rates and life times of fluorescence are 108 s −1 and 10ns respectively.
Life time is defined as average time between its excitation and return to ground state. As
fluorescence is of short time scale its measurement for the emission requires sophisticated optics
and electronics, as compared with the steady-state measurements. Time-resolved fluorescence is
widely used with microscopes (Polonica, 1978).
On the other hand, phosphorescence is the emission of light from triplet excited states where
electron in the excited orbital has the same spin as the ground state electron. The direct transition
from excited state to ground state is forbidden and so there exists triplet state between excited states
to ground state which results in slower emission rates, so the phosphorescence lifetimes are
typically milliseconds to seconds. Thus comparatively when light is exposed the phosphorescence
substances glow for several minutes while the excited electrons slowly return to ground state.
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Hence fluorescence phenomenon is highly recommended in optical sensors. One way of measuring
fluorescence effect is by using microscope and calculating the intensities of light reflected.
Fluorophore exhibits fluorescence and phosphors are the substances which exhibit
phosphorescence. Fluorescence emission spectrum is a plot of intensity vs wavelength where
spectral data is represented as emission spectrum (Polonica, 1978).
The sequences or the processes that occur between absorption and emission of light are
usually illustrated by the Jablonski diagram which often is used as model for illustrating the
absorption and emission of light, the changes in states due to absorption of light by a molecule and
the return of electron from the excited state to ground state. This concept can be clearly explained
by Jablonski diagram (Figure 1).

Figure 1: Jablonski diagram for state transitions
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The diagram shown in Figure 1 has a singlet state (ground state), first and second electronic
states which can be depicted by S0, S1 and S2 respectively; 0, 1, 2 in the diagram depicts the
vibrational energy states or levels in each energy state. So there are vibrational states from 0 to n
in each energy state; hence fluorescence and phosphorescence effects occur based on these energy
states.
All the effects such as quenching, energy transfer, etc, happens based on these excitation
levels where the vertical line indicates the transitions from one state to another due to the absorption
of light whose transition times are too short, which prevents the displacement of nuclei. This can be
stated as Franck-Condon principle. The vibrational states require high temperatures to populate the
excited electrons; since the experiments are done at room temperature the electrons are populated
in lowest vibrational energy, where absorption and emission mostly occur. Rather than heat, light
is used in fluorescence to excite the electrons from ground state to excited energy state as there is
large energy difference between the two states (Lakowicz, 1982).
Internal conversion is due to rapid relaxation of molecules in condensed phases where the
excited electron or fluorophore to higher energy state with different vibrational states relaxes to its
lowest vibrational state, which generally occurs within 10-12s, which is much less than the
fluorescence lifetime that is 10-8s, and internal conversion occurs prior to emission, which is a
reason to state that thermally saturated excited states or lowest energy vibrational states are
involved in fluorescence emission (Lakowicz, 1982).
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The spacing of vibrational energy levels of excited states is similar to that of the ground
state and can be termed as emission spectrum in mirror image of absorption spectrum; this is the
reason for similar vibrational structures in absorption and emission spectrum. Wavelength shifts
play a key role in observing the emission and absorption peaks or waveforms. Absorption spectrum
occurs at lower wavelength compared to emission spectrum. Fluorescence and phosphorescence
effects can be discriminated based on the wavelengths of emission spectra.
Internal system crossing is the transfer of molecules in state S 1 to T1 state that occurred due
to spin conversion, where S1 is excited state and T1 is triplet state. Emission from T1 is
phosphorescence. As mentioned earlier, phosphorescence has its wavelength shifted to longer
spectra and with lower energy when compared to fluorescence. A fluorophore which has a
tendency to fluoresce possesses two important characteristics, namely fluorescence lifetimes and
quantum yields, of which fluorescence lifetime gives the information about the time a fluorophore
has to interact with or diffuse in environment, which makes clear image about the emission of the
molecule. On the other hand, quantum yield is the ratio of number of photons emitted to number of
photons absorbed. The detection of a fluorescent substance is calculated by the ratio of signal to
the background emission due to the substance’s autofluorescence. Because of this interfering
background, studies have been performed to achieve high fluorescence yields (Lakowicz,
1982).
1.1.1 Significance of Fluorescence in Assay
An assay, which was mentioned earlier, needs a sophisticated method for identifying the
biomolecule in the detector section, mainly in the biosensors, The thermal and electromechanical
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methods may change the property of the target sample by a effecting the physical and chemical
nature. So a technique has to be used in this case where the target is not prone to the abovementioned changes. Thanks to latest trends in optics, measurements in biomedical field have
become easy, and reproducible with high sensitivity. As mentioned earlier, plasmon resonance,
evanescent field excitations, and near-field microscopy are a few modes of measurement in optics
which majorly works on fluorescence intensity measurements by the molecule.
MEF is most widely investigated and explored and is developed to increase the sensitivity
of fluorescence, increased quantum yields, and photo stability. This phenomenon depends on the
distance between metal nanoparticles and fluorophore. Metal–fluorophore interaction results in
fluorescence and decreased lifetimes due to changes in fluorophores radioactive decay (Drexhage,
1974).
1.2 Nanotechnology
Nanotechnology is the branch of science which deals with particles at the scale of 1 billionth
of a meter; it is also the study of manipulating matter at the atomic and molecular scale.
Nanoparticle is the fundamental component used to fabricate nanostructures. The size of
nanoparticles range between 1 and 100nm and have different physical and chemical properties
when compared to bulk metals like lower melting points, higher surface areas, optical properties,
mechanical strengths, etc. Of all the properties, optical property is the fundamental characteristic of
a nanoparticle. At nanoscales gold has a characteristic wine-red color, silver is yellowish gray,
platinum and palladium are black.

7

The properties of nanoparticles depend on their size and shape, which differ from individual
constituents compared to the bulk based on the symmetry at the interface. To explain further, the
percentage of surface atoms increases with decrease in particles size, resulting in varying physical
and chemical properties. Organic dyes like uniblue, acid blue, and methyl-orange behave
differently with the interaction of metal nanoparticles of different sizes and shapes. Biological
systems desire nanoparticles of different sizes and shapes which can be used as drug delivery
agents, labeling agents and sensors.
1.3 Metal Enhanced Fluorescence (MEF)
As mentioned, amplifying or increasing the magnitude of intensities helps in detecting even
single fluorophore; one method of achieving it is through metal enhanced fluorescence which
enhances the brightness of sample by several magnitude and also increases the photostability. MEF
influences the emission property of fluorophores or chromophores in the nearfield of metal
nanoparticles, so a fluorophore coupled with NP participates in emission enhancement due to the
surface plasmon coupling on metal. Resonance interactions takes place in the electronic system of
fluorophore and NP. It is clear that the NP takes a significant role in enhancing the emission
intensities, so different metal nanoparticles afford for different MEF properties and for enhancing
fluorescence in plasmon-specific wavelength. Different NP exhibit their influence in different
excitation spectral ranges: silver and gold NP provide MEF in visible near-IR region, indium in
UV region. Nanoparticle properties vary with their sizes. As size is a constraint, the excitation
spectra can be affected by the scattering component due to the NP size. Based on this it can be
justified that size of NP plays a prominent role in MEF; appropriate deposition of NP beneath the
target sample enhances the emission intensities and can be explained as follows; light used for
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absorption of sample excites the electrons in the molecule which indeed excite the surface plasmon
on the metal surface, resulting in the resonance interactions in the near field (which will be
explained later). Thus the emission intensities along with resonance interactions of plasmon get
multiplied, resulting in fluorescence enhancement. Since metal is the prime reason this
phenomenon is termed metal enhanced fluorescence (Geddes, 2011).
Metallic nanoparticles in close proximity can alter the free space conditions which might
either increase or decrease the incident electric field Em by a fluorophore, resulting in their
influence on radiative decay rate. These effects can be seen and analyzed by photonic mode
density. For example, large photonic densities result in radiative decay rates and increase in
number of pathways for fluorophore to release the excited energy (Yongxia Zhang, et al. 2009).
A fluorophore without any metal interaction has a lifetime of T0 resulting in low photonic
density, whereas the one with metal to the right has a lower radiative lifetime (T1<T0), resulting
in high photonic mode density (Figure 2).

T1<T0
T0

Figure 2: Photonic mode densities of fluorophore ( low [left], high [right]) based
on absence and interaction of metal respectively
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As explained in the Jablonski diagram, electrically excited fluorophore makes transition from
ground state S0 to S1, namely the first excited state after a time T0 when returning to its stable state;
that is, the ground-state-excited fluorophore emits a photon at a rate of T through a non-radiative
process with a rate of knr or quenching process with a rate of kq (Lakowicz JR, 1982).
Quantum yield, which depicts the number of emitted electrons to number of electrons
returned, can be shown as
T

Q0 = T+Knr+Kq

(1)

and the lifetime of this fluorophore is given by

T

T0 = T+Knr+Kq

(2)

Now when the fluorophore is placed in the near field of metallic nanoparticles the decay
rates vary at a scale of T+Tm, where T and Tm are the decay rates of fluorophores itself and metal
nanoparticle respectively. Hence it can be stated that with increase in metal decay rate the quantum
yield Qm increases and lifetime tm decreases (Lakowicz, 1982).
The quantum yield with the interaction of metal is given by
T+Tm

Qm = T+Tm+Knr+Kq

(3)

The fluorophore lifetime with interaction of metal can be modified as

tm =

1
T+Tm+Knr+Kq

(4)
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The concept of MEF can be explained by Jablonski diagram as shown

E

T

knr Kq

E

Em

T

Tm knr km

kq

Figure 3: Jablonski diagram for free space condition (left) and presence of metallic
nanoparticles (right).

According to Mie theory, fluorescence quenching is observed in small particles and
fluorescence enhancement is observed in large particles due to scattering phenomenon; hence, size
of NP plays a role in fluorescent properties. At a range of 5nm integration with fluorophore
quenching is more dominant than fluorescence increase; similarly, beyond 10nm range increasing
fluorescence intensities dominate quenching due to electromagnetic interactions and plasmon
resonances at the surface, which will be explained earlier. The metal NP- fluorophore increases the
stability of photobleaching by reducing the lifetime that helps in bio-imaging. Surface plasmons
excited by light increase the EM fields; this property allows light as a source in optical
measurements. Enhancements gradually decrease when the NP- fluorophore distance is larger or
when they are attached to each other due to the increase in non-radiative decay rate and decrease
in decay rate.
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1.4 Surface Plasmon Resonance in Noble Metal Nanoparticles
SPR is responsible for the effect of metal enhanced fluorescence where the d valance
electrons in noble metals are free to travel through the material and have a longer mean free path.
If the wavelength of light is larger than the particle size it sets up resonance conditions. Scattering
of light is observed more in bulk materials than the NP. The free electrons in metals oscillate due
to resonance of light called surface plasmon oscillations. So when a beam of light passes through
the electron cloud, it gets polarized to one surface and oscillates in resonance with the light
frequency, producing standing oscillating resonance, termed as surface resonance oscillation,
leading to enhanced intensities. This resonance standing condition depends upon the size and shape
of NP and fluorophore. Hence the modification in the size and shape results in varied surface area
and finally leads to changes in resonance oscillations (Surface Plasmon Resonance Based Sensors,
2006).
1.5 Importance of Silver Nanoparticles
Since it is known that a fluorophore excites and fluoresces, we can measure the intensities
of the same by imaging the sample with instruments. The major question that bothers is that if we
can increase the intensities measured, we can relate this to electrical terminology as if we can
amplify the minute signals obtained. For example, to amplify the voltage from cells in the body we
use amplifier such as instrumentation amplifier which allows us to scale and detect signals in the
range of mV as well. So the intensity has to be enhanced in such a way that even a single
fluorophore is made to detect. A group of fluorophores is easy to look into and detect, but what if
the number of target biomolecules is in single digits. This is where the role of enhancement
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comes into picture. By varying the properties of the test area we can enhance the intensities and
detect even a single target molecule, which can be illustrated by this example; a black dot can be
easily visualized with a white background, but it is not an easy task to manipulate the intensities as
is seems to look like as different parameters as fluorescence quenching and photostability are to be
considered. Silver nanoparticles can be used in this method because of its surface plasmon
resonance whose oscillating frequency is in visible region. Silver is low cost and can be stored in
water because of its resistance to oxidation and degradation at different temperatures. So the
prepared colloidal solution based on the zeta potential of NP either comes together to form clusters
or remains unaffected based on the change in room temperature. It was observed from studies that
storing them in cold areas results in stable nanoparticles.

1.6 NPO Fabrication Films Fabrication
Nanoporous materials are fabricated by nanoparticle-polymer systems that are temperature
and surface energy dependent. These systems above the decomposition temperature of polymer
exhibit entropic gain which is vital to produce high-quality porous films Ploy-methylsilsesquioxane (PMSSQ) nanoparticles are used to produce optically smooth, hydrophobic films
with low refractive indices.
In the preparation of NPO films PMSSQ which creates nanoparticles is dispersed in PMA,
creating a solvent; similarly, PPG which helps the PMSSQ to form nice structures is dispersed in
PMA to create another solvent. Both the solvents are brought together such that PPG influences
PMSSQ to form even, uniformly spaced PMSSQ nanoparticles of same sizes dispersed in PMA.
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The NPO solution introduced to silicon substrate creates PMSSQ-PPG composite film after spin
coating. PMA solvent, the residue in the process, can be made to evaporate by subjecting the film
to high temperature, which also creates a transient state that is Brownian motion of nanoparticles
which reaches equilibrium state resulting in formation of nanoporous films (Korampally, 2009).
1.7 Research Proposal
This project investigates the property of fluorescence enhancement of Rhodamine 6G dye
in the vicinity of silver nanoparticle (AgNP) colloids. The project details about the effect of
fluorescence properties by size characterization of AgNP produced by varying the concentrations
of reducing agent. The concept of Bragg reflector pattern was implemented and verified by creating
layered structure while varying the refractive indexes of each layer which led to the trapping of
light and creation of evanescent fields, eventually proving the concepts of SPR and MEF with
silver NP by measuring the fluorescence intensities over the target location.

CHAPTER 2
EXPERIMENTAL SETUP

2.1 Materials
Silver nitrate; sodium citrate dehydrate; poly (4-vinyl pyridine): Molecular weight 60,000; 200proof ethanol; PMA; PPG (MW: 425) were purchased from Sigma Aldrich.
Solutions used for synthesis of silver nanoparticles like silver nitrate and sodium citrate (reducing
agent) are soluble in DI water so all the experiments were done with DI water, in the Micro
Electronics Research and Development Laboratory with water resistance at 6.899.25MOhm.
2.2 Synthesis of Silver Colloids Using Lee-Meisel Method
This is a bottom-up approach where reduction of silver nitrate (AgNO3) with sodium citrate
(C6H5O7Na3) results in production of silver nanoparticles with different sizes based on the amount
of reducing agent used (Perrin et al., 2001). In this method, 0.001M silver nitrate was dissolved
in 50mL of deionized water and was heated to 90 degrees centigrade. A solution of 1% sodium
citrate with DI water was then prepared and an amount of 3ml and 5ml was added to the boiling
silver nitrate solution (Bretherik, 2006). The heating continued until the solution turned pale yellow
color which then was allowed to cool to room temperature (Yongxia Zhang et al., 2008).
2.3 PVP as Surface Modifier
Metal nanoparticles do not have the tendency of binding to the sample by themselves so a
surface modifier is required to bind the metal with substrate, as metal deposition in vacuum does
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require any modifier, but the size of NP and its structure depends on the parameters like deposition
rate, vacuum pressure and internal temperature of metal being deposited in the chamber. To get rid
of this situation, silver colloids were synthesized. The AgNP under room temperature cannot bind
to the substrate so PVP poly-vinyl-pyridine was used to modify the surface property of the
substrate and for immobilizing nanoparticles. Immobilization of NP can be done by the functional
groups like thiol, pyridyl, amino and carboxyl; these groups when introduced forms covalent bonds
with metal NP resulting in self-assembled structures from monolayers till multilayers over the
substrates like glass, silicon, quartz, etc. (Malynych, 2002).
In this thesis all the work was done by using 1% PVP in ethanol to modify the substrates,
namely glass and NPO on silicon, which were the control and test samples.
Preparation of 1% PVP in ethanol:
10grams of (1% PVP in EtOH) was the desired solution
So 1% in 10grams total =0.1grams of PVP--------- (5)
99% in 10grams total=9.9 grams of ETOH------ (6)
Both of them were added and mixed thoroughly by using vortex mixer and ultrasonic bathtub for
fixed duration of time which resulted in fine solution.
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2.4 Fabrication of NPO Substrates
2.4.1 NPO Preparation
Nanoporous organosilicate films were obtained with the preparation of nanoparticles by
dissolving PMSSQ in solvent (PMA) and then initiating polymer collapse by using low molecular
weight PPG.
Preparation of 5573 NPO substrates:
Here 5-5 represents the ratio for mixing PMA with PPG for solvent 1 and PMA with PMSSQ for
solvent 2.
7-3 represents the ratio of mixing solvent 1 and solvent 2.
Calculation involved for preparing 5573 NPO substrate:
4gms PMA with 4gms PPG resulting in 8gms of solvent 1.
2gms of PMA with 2gms of PMSSQ resulting in 4gms of solvent 2.
7gms of solvent1 mixed with 3gms of solvent 2 resulting in 5573 NPO solution.
The produced solution was spin coated over clean silicon substrate at 3000rpm to produce
uniformly coated films; they are then heat treated at 500 degrees centigrade on a hot plate for 5
minutes to stabilize the nanoparticles, resulting in formation of equilibrium state porous films.
2.4.2 Creating Bragg Reflector Pattern
A Bragg reflector pattern emphasizes on trapping the light in between layers of varying
refractive indexes which is achieved by using low-permittivity material in the preparation of layers.
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Thus sandwiching a high refractive index material with low refractive index materials ideally
creates a reflector pattern along the layers efficient enough to trap light and therefore produce
evanescent fields at the interface of layers. as shown in the Figure 4.

Figure 4: Bragg reflector pattern with varying layers of Refractive Indexes
The test area was stamped with 3% PMSSQ ink with APTES; PMSSQ was used to vary the
RI whereas APTES was used as a binder, stable at temperature changes. The fields in the presence
of metal nanoparticles exhibit energy transitions ultimately resulting in SPR to occur causing metal
enhanced fluorescence in the test area.
2.4.3 Fluorescent Dye Preparation
All the experiments were performed by using 1mM Rhodamine 6G dye which was made
in PMSSQ to create low k dielectric nature for the dye when coated on the sample.

One percent
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PMSSQ by wt. solution was made with EtOH and then 1mM R6G dye was added which was then
spin coated on the samples at 3000rpm, which led to even coating of dye over the test area.

2.5 Instrumentation
It is a great challenge to detect the fluorophore because the phenomenon is paved by
interaction of light over the target substance. The induced light can scatter in different directions
based on the rigidity of the substance. Mainly the detection can be done in liquid and solid phase
samples. Fluorimeter is an instrument used to measure fluorescence in liquid medium where the
test sample in the chamber is introduced to monochromatic light at certain wavelength (Figure
5).Due to the excitation of electrons by gaining energy from photons of light, they jump to higher
energy level. As electrons are unstable in those levels they tend to de-excite to ground state,
liberating some energy in the form of photons. The detector of the instrument then captures the
photons in all the possible directions which is then analyzed by the processing circuit or algorithm
gives the value of fluorescence. It should be noted that this property is not reflections from the
target substance which can be justified by the shift in the wavelengths of emission and absorption
spectra
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Figure 5: Instrumentation of fluorescence spectroscopy for liquid samples

2.5.1 Fluorescence Microscopy
Solid samples cannot be dispersed into a medium and so need to be analyzed directly;
although we can figure out the intensities with the naked eye, a calibrated setup has to be used with
different experimental parameters like exposure time, which is the time instant for which the target
is exposed to light and the detector measures the de-excited photon emissions. Figure 6, which is
the basic instrumentation of fluorescence microscope, explains the detection technique.
Mercury arc lamp is the source of setup which pumps light at different wavelength which
is then passed through the excitation filter where light of certain wavelength can be selected; this
filter is used to select a wavelength of light from the source, mostly they are used to select short
wavelengths from an excitation light source with enough energy causing the target fluoresce. Band
pass filters and short pass filters are two main types of excitation filters. On the other hand, the
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emission filters are used to block the unwanted wavelengths from the sample, allowing the light
with maximum energy to reach the detector notch filters, or deep blocking filters are commonly
employed as emission filter; even a monochromatic works for wavelength selections but we can
adjust the selective wavelength flexibility with emission and excitation filters.
Dichroic Mirror or interference filter is used to selectively pass light of range of colors while
reflecting other colors; these reflectors are characterized by the colors of light they reflect and
pass. Some of them are used to reflect the visible light and allow infrared light out of the fixture.

Figure 6: Fluorescence microscopy for solid targets.
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Thus the working of fluorescence microscope can be detailed. When the mercury arc lamp
which is the source of light is turned on, light passes through excitation filter where selected
wavelength is passed, eliminating unwanted wavelengths of light with lower energies. This light
gets reflected by the dichroic mirror over the test sample area where the energy of light tries to
excite the fluorophore; the de-excited electron emits energy as photon which is reflected back to
mirror. The mirror now allows only particular color to pass through it and all the unwanted
wavelengths from sample will be eliminated by the notch filter or emission filter, allowing the
detector to detect accurate intensities and images. Since all the samples in this work were solids,
fluorescence microscopy was used to detect the fluorescence intensities and other measurements,
which was located in the Biology building at NIU.
2.5.2 Ultraviolet- Visible Spectroscopy
UV-VIS spectrophotometry refers to the absorption spectroscopy or reflectance
spectroscopy in the ultraviolet-visible region, which means it uses light in the visible and near-UV
and near-IR ranges. White light though uniform in color is actually composed of a broad range of
radiation wavelengths in ultraviolet (UV), visible and infrared (IR) portions of the spectrum. As
shown in Figure 7, visible region covers a range from 400n to 800nm.

Figure 7: Visible spectrum wavelength range showing the color differentiation
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White light when introduced either gets reflected or passes through a colored substance; a
characteristic portion of mixed wavelengths is absorbed. The rest of the light is assumed such that
complementary color to the wavelength is absorbed. So absorption at 420-430nm indicates the
substance to be yellow, which is complementary to the actual absorption wavelength shown in
Figure 8.

Figure 8: Color wheel chart introducing the complementary color concept

A beam of light from UV light source or visible light source is separated into different
wavelengths by prism or diffraction grating. The monochromatic beam is made to split into two
equal-intensity beams by halfmirrored device, namely beam splitter, of which one is made to pass
along the liquid reference and the other along the sample as shown in Figure 9. Due to the
absorption of the light, some intensities are lost, which is measured by the detector and then
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compared with the reference. The device scans all the component wavelengths from 200-400nm
in UV region and 400 to 800nm in visible portion.
If there is no absorption of light by sample at a given wavelength intensity, the sample
is same as intensity along the reference; if there is any absorption of light the observed intensity
along
sample is less than long the reference. Thus the absorbance can be calculated by

A = log

intensity along reference
intensity along sample

(6)

The wavelength of maximum absorbance is the characteristic value referred as maximum
wavelength for peak absorbance.

Figure 9: Instrumentation schematic of UV-VIS spectroscopy
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2.6 Preparation of Samples for the Fluorescence Studies (Figure 10)
2.6.1 Samples with glass substrate


Glass slides were nicely washed and plasma treated with 2.5 flow rate CO2 at 440MTORR
pressure and low settings to remove possible contaminants and organic materials.



They were then incubated in PVP solution for 24 hours such that PVP forms a monolayer
over the glass substrate.



The sample was then washed with EtOH to remove excess PVP or unbounded PVP from
the surface.



The sample with PVP monolayer was incubated in silver nanoparticle colloid of varying
sizes and then was washed in DI water to remove unbounded AgNP.



The test samples were then spin coated in R6G dye producing the samples listed in Table
1.

Table 1: Different samples prepared with glass substrate
Sample

Sample

Dye

Silver Nanoparticles

number

substrate

1

Glass

Without dye

Without AgNP

2

Glass

With dye

Without AgNP

3

Glass

Without dye

With AgNP

4

Glass

With dye

With AgNP

(AgNP)
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2.6.2

Samples with NPO Substrate


5573 NPO solution was prepared by the above-mentioned method and was used to
produce NPO films on silicon wafer.



3% PMSSQ ink was prepared with APTES (acts as binder and temperature stable
films) which is used to produce stable PMSSQ films when introduced in PVP.



The PMSSQ ink was stamped on the NPO film to create a layer of varying
refractive index on the NPO film and then was subjected to heating at 60 degrees
centigrade for 5min along with plasma for 10sec at 420MTORR pressure under low
setting.



The sample was then introduced to PVP and silver NP colloids; the excess of them
were washed off with EtOH and DI water respectively.



The test sample prepared was spin coated with R6G dye at 3000 r.p.m producing
areas of varying refractive index surfaces at locations of PMMQ ink.

Figure 10: Sample layout with preparation stages for (a) glass (b) NPO substrates

CHAPTER 3
RESULTS AND DISCUSSION
3.1 Characterization size of synthesized silver nanoparticles Using Lee-Meisel method
The absorbance spectra w.r.t. wavelength were used to estimate the sizes of silver
nanoparticles.

Table 2 shows the sizes of silver nanoparticles with their maximum absorption wavelengths. As
the particle size increases there is a shift in the absorption wavelength towards the infra-red
spectra.

Table 2: Particle size of silver nanoparticles obtained by the peak absorption curves
Particle size(nm)

Peak absorption
wavelength(nm)

40

425

45

430

50

435

60

445
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The Figure 11 depicts the absorbance of silver nanoparticles with varying times in the
process of synthesis along the visible spectrum. Blank solution used was DI water and the three
samples were taken where synthesis process at an interval of 1min respectively. Based on the size
of particle the absorption peaks varied, giving the value to be 1 for a wavelength of 445nm which
when analyzed with Zeta Sizer resulted in 60nm as size of nanoparticle.

Figure 11: Absorbance curves of silver nanoparticles at an interval of 1min
during the synthesis w.r.t. wavelength
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Figure 12 shows the observed wavelength shifts when the silver nanoparticles were kept
still for24 hours. Due to the Zeta potential or charge of particles, coagulation of NP took place
resulting in the formation of larger nanoparticles which can be observed in both absorbance
and wavelengths shifts.

Figure 12: Shift in the absorbance peaks and wavelength of silver
nanoparticles observed after 2-hour time span
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Figure 13 shows the results of Zeta Sizer instrument which was used to determine the
intensity of various sizes of silver nanoparticles. The two runs showed the size of nanoparticles to
be 60- 65nm at an intensities of 85-90% respectively and 8.85-9.25nm at the intensities of 10-16%
respectively. The lowered sizes of NP might affect the fluorescence enhancements.

Figure 13: Size of silver nanoparticles w.r.t intensity observed for different
runs with Zeta Sizer
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Figure 14 shows the absorbance spectra of solid substrates, namely glass, along the visible
region with respect to the wavelength (nm). The sample without nanoparticles showed nominal
absorption values, whereas the one with silver nanoparticles showed high values of absorption,
indicating the AgNP is effectively absorbing the light and the peak absorption wavelength at
425nm, which is ideal for resonance as the excitation wavelength of Rhodamine 6G dye lies in the
same range of wavelength.

Figure 14: Absorbance of silver nanoparticles over glass substrate w.r.t.
wavelength in VIS region
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3.2 SEM Images of samples with Glass Substrate
3.2.1 Samples in the presence of PVP
Figure 15 proves the idea of creating a monolayer PVP over the surface of glass substrate.
Glass sample when incubated in 1% PVP for 24 hours resulted in the formation of uniform of
coating of PVP, justifying its usage for modifying the surface of the sample. Washing step of
sample was done with alcohol where excess PVP in EtOH was removed, resulting in uniform
monolayer. SEM image concludes the PVP uniformity over the glass sample at 10k magnification.

Figure 15: SEM image showing the monolayer of PVP on glass substrate at
10k magnification
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3.2.2 Samples in the presence of Silver Nanoparticles
Figure 16 shows the binding of silver NP over PVP-modified surface at different
magnifications proving the size to be 60nm in all the cases. The AgNP binding created gaps where
the fluorescent dye can be introduced such that the energy transfer takes place for metal enhanced
fluorescence.

(a)

(b)

(c)

Figure 16: SEM imaging of silver NP over PVP (a) at 10k magnification (b)
at 50k magnification (c) at 10X magnification proving the size to be 60nm in
all the cases.
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3.3 Fluorescence Spectroscopy
3.3.1 Fluorescence Images of Glass Substrates with Rhodamine R6G dye and AgNP

Figure 17 shows the spectroscopy images of glass substrates in the presence of fluorescent
dye without AgNP and with AgNP respectively. Due to the SPR and MEF phenomenon the sample
with silver nanoparticles showed higher intensities than the one without AgNP, which is quite clear
from the images.

(a)

(b)

Figure 17: Fluorescence images of glass substrates with Rhodamine R6G dye and
AgNP (a) AgNP (b) with AgNP
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3.2.2 Fluorescence Images of NPO Substrates with Rhodamine R6G dye and Silver
Nanoparticles

Figure 18 gives the information about the formation of hot spots and evanescent fields in
the silver nanoparticles introduced in area with varied refractive indexes.

(a)

(b)

(c)
Figure 18: Fluorescence images of NPO substrates with Rhodamine R6G dye and
silver nanoparticles
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3.4 Fluorescence Measurements
3.4.1 Fluorescence intensities of glass substrates with Rhodamine R6G dye and AgNP
Table 3 shows the data obtained from imageJ software for the mean intensities over a fixed
area. The images to the right give an idea of image analyzed to obtain the mean intensity values.
The fluorescence enhancement factor can be obtained by these values. The sample 1 which is just
a glass had the least intensity, sample 3 had bit larger intensities due to the metal integration, that
is, silver nanoparticles. The fluorescent dye samples 2 and 4 had greater intensities compared to
the other samples and finally sample 4 showed highest values due to the metal nanoparticles
exhibiting the phenomenon of SPR and MEF.

Table 3: Fluorescence intensities of glass substrates with Rhodamine R6G dye and AgNP
Sample

Mean area
(pixels)

Mean Intensity

1

Glass

1376256

245.58

2

Glass with
dye

1376256

1249.99

Image of test area

(Continued on following page)
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Table 3 continued.

3

Silver
nanoparticles
over glass

1376256

258.04

4

Silver
nanoparticles
over glass
with dye

1376256

1755.58

Fluorescence enhancement factor is given by the formula:

A=

Excitation with dye−Excitation wthout dye
control with dye−control without dye

(7)
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Figure 19 shows the fluorescence enhancements with the error range considering the size of
silver nanoparticles. The FE factor is size dependent, so for 40-43nm size AgNP it is lower
compared to 60-63nm range.

Figure 19: Fluorescence enhancement and probable error with respect to size of
nanoparticles

CHAPTER 4
CONCLUSION

Silver nanoparticle colloids of different sizes (40nm-60nm) were synthesized using the
Lee-Meishel method whose sizes were measured with UV-VIS based on the absorption peak
wavelength and were compared to the Zeta Sizer measurements by varying the amount of reducing
agent used in colloid synthesis. Time-dependent absorbance tests performed by taking the readings
at different time spans to check the stability of silver nanoparticles proved the variation of
absorbance with the sizes of nanoparticles.
Samples were introduced to PVP, AgNP and fluorescent dye Rhodamine 6G, creating all
the probable test cases for fluorescent studies. These studies were done for different nanoparticle
sizes to get the highest possible FE. All AgNP had most of the NP at 40 and 60nm but had some
at lower sizes too, which might be resulting in quenching of fluorescence. Fluorescence
enhancements observed were compared with the size of AgNP which gave a reference of FE with
AgNP size and near-field interactions. Literature stated that fluorescence quenching occurs due to
the size of AgNP and even the intermolecular distance. In the project we obtained AgNP at 8-9nm
sizes, which resulted in longer lifetimes, which might be a reason for quenched fluorescence.
Due to coagulation of silver nanoparticles, hot spots were created which resulted in greater
magnitude intensities, giving 3.5-fold enhancements. Bragg reflector pattern was successfully
fabricated which enabled the light to trap, giving higher intensities of light at target area. Further
research needs to be done for the fluorescence enhancement studies on Bragg pattern.
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